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1. Abstract
Invasive plants are become more present around the world and in the United States,
creating changes in ecosystems. In particular, Japanese knotweed (Fallopia japonica), an
aggressive invasive plant, spreads via several mechanisms making it hard to control. Currently,
little is known about Japanese knotweed invasion along river systems, what characteristics make
invasion more likely at a site, and how knotweed changes riparian habitat. A total of 46 soil
samples from both invaded and uninvaded sites (32 total locations) along the Saco River in
Maine and New Hampshire were examined to see whether physical and chemical characteristics
were similar among knotweed-invaded sites and what may lead to successful establishment by
knotweed. The majority of sites were dominated by medium-grained sand, but overall textures
ranged from gravel- to mud-dominated, and there were no differences in the soil texture at
invaded and uninvaded sites. Similarly, knotweed has invaded sites with shallower (0-10%) and
steeper (10-20%) slopes in multiple aspect directions with no slope or aspect having been
preferentially invaded. Japanese knotweed has invaded sites with limited shade qualities or with
mainly deciduous trees, both of which help with growth. In contrast to the physical properties,
biological and chemical characteristics did differ inside and outside invaded sites. Inside patches,
the percent carbon and nitrogen decreased, while 𝛿13C became more positive with increasing soil
pH; these trends were not observed outside of the invaded patches. There was more Ca, K, Mg,
Zn, Mn available inside of Japanese knotweed patches than outside of it. Once normalized for
OM, no difference was found between inside and outside of the patch, revealing that OM may be
a critical component of knotweed growth. Overall, it appeared that Japanese knotweed invasion
is possible in a wide variety of physical settings and has no clear impact on the physical
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characteristics of sites but that it may alter the biological and chemical properties of sites. These
substrate characteristics may help to influence successful Japanese knotweed invasion and
growth. Further studies on Japanese knotweed OM are recommended to see what affects its
decomposition may have on the soil.
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2. Introduction
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Invasive plants are becoming a more persistent problem worldwide and in the United
States as plants are introduced into new environments as ornamentals or by accidental transport.
Currently, invasive plants are changing a variety of community and ecosystem functions. They
have been known to shade out and kill off native plants while surviving in low shade conditions
(Jurskis, 2012). In a 2012 synthesis of invasive plant’s effects on ecosystems, they were found to
kill off resident biota and reduce the richness of native biota (Pyšek et al., 2012). Nutrient
additions and changes to nutrient cycling processes in the soil have been induced by the presence
of many invasives (Ehrenfeld, 2003; Pyšek et al., 2012; Weidenhamer and Callaway,
2010). Furthermore, invasive plants have been found to induce changes in soil carbon (C) and
nitrogen (N) cycles and pools (Ehrenfeld et al., 2001; Vitousek, 1990; Liao et al., 2007). Others
have discovered invasives inducing changes in other soil characteristics, such as pH (Ehrenfeld
et al., 2001; Ehrenfeld, 2003; Pyšek et al., 2012). Invasives may have the potential through
allelopathy to create “novel weapons” that benefit their invasion and hurt the growth of natives
(Callaway and Ridenour, 2004). Economically, one study found that invasive plants cost the
United States $34.6 million U.S. dollars and this total doesn’t include every invasive plant
known in the U.S. since some damages are unquantifiable (Pimental et al., 2005). Collectively,
invasive plants may be invading at rates of 700,000 hectares per year (Pimentel et al., 2005).
Riparian habitats can be defined as the land surrounding a river or stream, including the
water body and any of its components, which are unique due to their differences in soil and
vegetation because of the presence of water (United States Department of Agriculture, 1996).
Rivers are vital for many economic functions, including transport of goods and nutrient
amendments to farmlands. Riparian zones are also critical habitat that are easily susceptible to
invasion due to water’s role as a dispersal agent (Richardson et al., 2007; Pyšek and Prach,
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1993). Riparian zones are also the interfaces between terrestrial and aquatic ecosystems, making
their functions unique from all other habitats and they have extremely rich plant species diversity
compared to surrounding ecosystems (Naiman and Decamps, 1997; Nilsson and Svedmark,
2002).
Japanese knotweed (Fallopia knotweed) (Figure 1(a)) has become one of the most
effective and dominant invasives in the United States. Introduced to the United States as an
ornamental plant from England (where it was brought from Japan) in the 1870’s, Japanese
knotweed since has become a formidable opponent to native plants and organisms (Townsend,
1997; del Tredici, 2017). Currently in 42 states, Japanese knotweed can grow to over 10 feet tall
and live in habitats ranging from disturbed soils to hillsides and riparian areas where it forms
dense, homogeneous patches that shade out other vegetation and reduce native biodiversity
(Cornell University, 2018; Jackson, 2008; University of Maine, 2001). It is capable of invading
through several mechanisms which include rhizomes (Figure 1(c)), stem fragments (Figure 1(b)),
and seeds making it difficult to manage and control (University of Maine, 2001; Cornell
University, 2018). Japanese knotweed is known to successfully invade and establish itself via the
clonal methods (rhizomes and stems) over seeds (Hollingsworth and Bailey, 2000; Grimsby et
al., 2007; Gowton et al., 2016), with seeds gaining viability in their reproduction rates (Grimsby
et al., 2007; Forman and Kesseli, 2003; Groeneveld et al., 2014). Previous studies have found a
variety of effects on substrate characteristics from Japanese knotweed invasion. Several studies
have discovered that knotweed invasion changes soil C, N, and nutrients (Vanderhoeven et al.,
2005; Dassonville et al., 2007; Dassonville et al., 2008; Aguilera et al., 2010). Additionally,
Japanese knotweed and it’s closely related cousins may influence soil biota to act in their favor
or induce allelopathy on their invaded sites (Parepa et al., 2013; Murrell et al., 2011).
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While changes in soil dynamics
(a)
in forest habitats with regards to
Japanese knotweed have been
investigated heavily, little previous
research has been conducted on
knotweed invasion along riparian areas,
one of the most prone habitats to its
(b)

(c)

invasion. Limited research has also been
done on how Japanese knotweed may
alter other soil characteristics or how
some substrate characteristics for
invasion in riparian areas allow it to
establish itself more effectively.

Rhizome 
Furthermore, riparian vegetation
Figure 1. Japanese knotweed. The author at work in the field
next to a knotweed patch (to the right of the author) (a).
Knotweed stems (b) and rhizomes (c).

characteristics can influence
evapotranspiration, groundwater levels,

and other ecosystem functions, making Japanese knotweed invasion more worrisome due to its
potential alteration of the native vegetation and thus ecosystem functions (Richardson et al.,
2007).
In the summer of 2017, I investigated different characteristics of Japanese knotweed
invaded and uninvaded sites along the Saco River in New Hampshire and Maine by collecting
physical observations and soil samples. Specifically, this study asks the following questions:
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1. What substrate characteristics of a riparian system make a site more susceptible to
invasion and thus, which characteristics help for successful establishment and growth?
2. How does Japanese knotweed alter a site’s characteristics? If there are changes, why
might they help facilitate invasion?
3. How might these characteristics at invaded sites help to predict invasion at uninvaded
sites?
From answering these questions, this study aims to provide guidance in how to best manage,
mitigate and control Japanese knotweed in riparian habitats, specifically along the Saco River.
This study also hopes to give insight on other physical and chemical characteristics that may be
transformed due to knotweed invasion that have not been analyzed before. Lastly, this study
looks to provide future study ideas for other projects to look more intensely at Japanese
knotweed invasion in general and in riparian habitats.
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3. Methods
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3.1 Study Area
The Saco River is located in eastern New Hampshire and western Maine and empties into
the Gulf of Maine (Figure 2(a)). The headwaters begin at Saco Lake in Carroll, NH and the head
of tide is located at Saco and Biddeford, ME (Figure 2(a)). Draining a total of 4,403 km2 of land,
the Saco River is the largest river basin in the Western Coastal Drainage Basin in Maine (State of
Maine, 2007). The Saco River receives on average 1138 mm of rain per year and estimated
annual snowfall ranging from 1016 mm near the coast to 2921 mm in the White Mountains at its
headwaters (State of Maine, 2007).
32 sites were evaluated in total along the course of the Saco River, which were divided
into two separate subsections (Figure 2(a)). The Upper Saco River is from Saco Lake to the ME
Route 160 Bridge in Brownfield, ME, which contains 25 sites and were labeled with the letter
“S” (Figure 1(a), (b), and (c)). The Upper Saco River is made up of mainly stream alluvium
within the floodplain, but also various Lake Pigwacket deposits from the last glacial period,
Aeolian deposits, and Pleistocene till. The Lower Saco River section is from Limington Rips
(ME Route 25 Bridge), Limington, ME to the Skelton Dam in Buxton, ME, which had 7 sites
and were labeled with letter “LS” (Figure 2(d)). This area has a mix of stream alluvium,
postglacial stream deposits, Pleistocene till, Presumpscot formation, nearshore deposits, and
marine regressive sand deposits. Site number came after the section designation for all sites.
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(a)
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(b)
(c)
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(c)
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(d)

Figure 2. Study area and different sampling regions. The full extent of the Saco River with a black box indicating
the Upper Saco River sampling area and an orange box representing the Lower Saco River sampling area (a). Sites
within the Crawford Notch region (b) and the Conway, NH-Fryeburg, ME area (c) of the Upper Saco River and the
Lower Saco River sampling area (d). Site IDs labeled accordingly for (b), (c), and (d).
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3.2 Field Methods
3.2.1 Stratifying Samples
All sites were stratified by surficial geology, whether they were in the 100 year Saco
River floodplain as designated by FEMA, and if they were uninvaded or invaded. Sites were
chosen in two separate river sections as identified in section 3.1. Variation in slope, vegetation
type, and other landscape features were taken into account. Coordinate points were taken by
using a geographical positioning device (GPS).

3.2.2 Field Measurements
The patch’s perimeter was found by wrapping a measuring tape around the base of the
knotweed, including knotweed stems within two meters or less. A long-axis and short axis of the
patch were also measured (Figure 3) and the area calculated as an ellipse from these. Japanese
knotweed patches were differentiated as being distinctly different knotweed patches if patches
were greater than two meters from one another. Patch height was also found by using a
clinometer. Refer to Appendix A for how to collect these measurements.

3.2.3 Soil Sample Collection
A bulb corer was used to collect four soil samples at both invaded and uninvaded sites.
At invaded sites, samples were collected both inside and outside of what was considered a patch
(refer to Figure 3 for where samples were collected). For uninvaded sites, a five by five meter
square was created and samples were collected at every corner. For all sample types, the four
subsamples were homogenized in a plastic baggie, air dried, and then repackaged and stored in
until analysis. Inside of the patch samples were given an “I” at the end of their site ID, outside of
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the patch an “O,” and uninvaded samples had no designation at the end. Refer to Appendix A for
further information on how to exactly collect soil samples.

Figure 3. Reference picture for how to collect soil samples from invaded sites. Refer to Appendix A for more
information.

3.2.4 Soil and Site Descriptions
Holes were dug at each site to measure depth to groundwater, if applicable, and each
horizon’s depth, along with the moist soil color and texture were noted. Slope and aspect were
determined at each site using a clinometer and compass. Vegetation characteristics (mainly the
overstory), the river’s bend, beaver’s presence, beach characteristics, and the shade of each site
were noted. Refer to Appendix A on how to collect these descriptions.
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3.3 Laboratory Methods
3.3.1 Texture Analysis
Samples were coned and quartered, weighed to total 100 g, dried overnight in a Fisher
Scientific Isotemp oven at 90 degrees C, allowed to cool and then stored. For the wet sieving
stage, the method was developed by Enos (2015) and modified by the author. Samples were
transferred to 600 mL beakers with large pieces of organic matter (OM) being removed before
adding 100 mL of 30% hydrogen peroxide (H2O2) in 20, 40, and 40 mL aliquots with the 20 mL
aliquot being added first. Samples were then put into a Precision Water Bath Model 183 at 50
degrees C overnight. After cooling, the samples were wet sieved using deionized water through a
2 mm and 63 micrometer sieves with a pan collecting at the bottom of a funnel. The sieves were
then backwashed and sediment subsamples dried at 90 degrees C in a Fisher Scientific Isotemp
oven for at least 24 hours. Once dried, samples were weighed and the dried sand samples were
sieved through every half phi size sieve from -0.5 to +4.0 and weighed. Further details provided
in Appendix A.

3.2.2 Loss-on-ignition (LOI)
2-5 g of soil were added to crucibles, weighed, and dried overnight in a Fisher Scientific
Isotemp oven at 90 degrees C. They were cooled, weighed again, and then burned in a
Lindbergh/Blue Box Furnance Model 51842BC-1 (1200 degrees C maximum heat) for 2 hours at
550 degrees C. After cooling, the samples were weighed again. LOI was calculated by taking
mass of the sample after being burned at 550 degrees C and dividing it by the dry sample weight.
Further details are found in Appendix ?.
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3.3.3 pH
15 g of each sample was mixed well with 30 mL of deionized water, allowed to sit for 30
minutes, stirred again after the 30 minutes and the pH was measured by using a calibrated pH
probe.

3.3.4 C/N Analysis
3-7 g of soils were dried overnight in Fisher Scientific Isotemp oven at 90 degrees C.
Samples were then grinded using a SPEX 8510 Shatterbox and transferred into small little plastic
baggies, before being packed in tin capsules on a microbalance according to their LOIs. Samples
were run on a Costech model 4010 elemental analyzer (EA) coupled with a Thermostat Delta V
Advantage isotope ratio mass spectrometer (IRMS) for carbon and nitrogen analysis. For leaf
litter, the same steps were followed as for the soil, but leaf litter was picked out from the
collected soil samples by using tweezers. Further details in Appendix A.

3.3.5 Soil Nutrients and Metals Analysis
Soil samples were sent to the University of Maine at Orono (UMO) for nutrient analysis
where the modified Morgan method was used for extraction. Once they were analyzed, the data
was sent to the author who modified the data to its correct format.
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4. Results
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4.1 Site Descriptions and Characterizations
A majority of the sites that were invaded were either located in deciduous forest (mixed
deciduous-coniferous or fully deciduous) or where no canopy was evident (10 and 7 sites,
respectively, out of 32) (Figure 4). Evergreen sites were limited to one uninvaded site (Figure 4).
Invasion occurred at places with shallower slopes (-5-10%) in the northerly and easterly
direction, while they occurred at steeper slopes (10-20%) in the southerly and westerly direction
(Figure 5). Signs of beavers were present at nine out of 16 invaded sites. Cut knotweed stems
from beavers were observed floating downriver, in the stream, or lying on the banks.

Count
Figure 4. Simplified overall vegetative characteristics by site. The yes category and blue bars indicate invaded sites,
while the no category and striped bars represent uninvaded sites. Vegetative categories are listed on the left.
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Yes

No

Slope (%)
Figure 5. Slope (%) and its relation to overall aspect (cardinal direction) of the sites. Yes indicates that the site is
invaded while No indicates that it is uninvaded.

4.2 Substrate Texture Characterization
While variability in substrate characteristics existed among the sites and between inside
and outside of the patch samples at invaded sites, Japanese knotweed does not grow in specific
substrate characteristics. An interesting trend is that a majority of the sites, both invaded and
uninvaded, were made up of more than 60% sand (38 out of 48 samples tested) and many had
less than 10% mud (37 out of 48) (Figure 6). Uninvaded sites had highly variable textures
(Figure 6). No differences between the textures of inside and outside of the patch samples appear
(Figure 6). The primary and secondary sands, after dry sieving, were found to be coarse sands
specifically those with a grain sizes between -0.5 and +2.5 (Figure 7). Bedrock sites were found
to be uninvaded across all sites and observations.
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Figure 6. Ternary plot of soil sample textures along the Saco River. Green dots represent inside and blue dots are
outside of the patch samples, while purple dots indicate uninvaded samples.
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Outside of the Patch

Uninvaded

Count

Inside of the Patch

Primary

Secondary

Primary

Secondary

Primary

Secondary

Figure 7. Primary and secondary sand grain sizes (phi) by sample type. Colors indicate what the primary sand grain
size is.

4.3 Soil Organic Matter (SOM)
Only 19 samples from all sampling types were found to contain more than 5% OM as
assessed by LOI. Overall, more inside of the patch samples were found to have higher % LOI
than outside of the patch soil samples (Figure 8). Only four sites that were invaded had both
inside and outside of the patch samples that were higher than 5% LOI and these were sites: S6,
S9, S20, and S25.
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Difference: (Outside-Inside of the Patch)

Outside

Inside

Mean: (Outside +Inside of Patch)/2
Figure 8. The difference between respective inside and outside of the patch samples SOM. When inside of the patch
(Inside) is greater than its respective outside of the patch sample (Outside), points lie within the bottom half of the
diamond and vice versa.

4.4 Soil and Leaf Litter C/N Analysis
No significant differences were found between inside and outside of the patch samples
across different invasions. Uninvaded sites had highly variable C/N ratios. Inside of the patch pH
was strongly positively correlated with 𝛿13C and strongly negatively correlated with percent soil
C, percent soil N, percent LOI, and cation exchange capacity (CEC) (Figure 9 and Table 1).
These same trends were not found for samples outside of the patch. These strongly negative
correlations were also found to be statistically significant, while the correlation between 𝛿13C
and soil pH was not (Table 1). Uninvaded sites were found to be highly variable in their
relationships between pH and percent soil C, percent soil N, percent LOI, CEC, and 𝛿13C (Figure
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9). Additionally, no linear relationship was found between soil 𝛿13C and leaf litter 𝛿13C inside of
the patch, but found to be rather strong outside of the patch and at uninvaded sites and only
significant outside of the patch (Figure 10).

Figure 9. Soil properties and their relationship to pH. Green is for inside of the patch sample (I), blue for outside of
the patch samples (O), and purple for uninvaded samples (UN).The pH is on the bottom axis and percent soil N,
percent soil C, soil 𝛿13C, cation exchange capacity (CEC) in (m-eq/ kg soil), and mean percent loss-on-ignition
(LOI) are on the left in that order from bottom to top. Correlations for each relationship is listed in the upper lefthand corner.
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Soil Characteristic
% soil N
% soil C
soil 𝛿13C
CEC
Mean % LOI

Inside of the
Invasion
-0.764*
-0.731*
0.730
-0.664**
-0.687**

Outside of the
Invasion
-0.107
-0.078
0.515
-0.284
-0.189

Uninvaded
-0.215
-0.518
0.216
-0.518
-0.384

Table 1. Correlations between pH and different soil characteristics. Level of significance: * = <0.05, ** = <0.01, and
*** = <0.001.

Outside of the Patch

Uninvaded

Soil

Inside of the Patch

Leaf litter
Figure 10. Linear relationship between leaf litter 𝛿13C (bottom) and soil 𝛿13C (left). Inside of the patch (green dots):
R2= 0.047, p = 0.6703. Outside of the patch (blue dots): R2= 0.691, p= 0.0052. Uninvaded: R2= 0.419, p= 0.2615.

4.5 Extractable Soil Nutrients and Metals
K, Mg, Ca, Al and S were the most abundant cations and anions in the extractions (Figure
11(a) and (b)). P, B, Cu, Fe, Mn, Na, and Zn were other extractable cations and anions available
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in lesser concentrations (Figure 11(c) and (d)). Extractable Ca, K, Mg, Zn, and Mn were greater
in samples inside patches than in samples collected outside those patches (Figure 11(a) and (c)).
Once elemental concentrations were expressed relative to the amount of soil OM, there were no
differences in the concentrations between inside of the patch, outside of the patch, and uninvaded
samples (Figure 11(b) and (d)).

Concentration (ppm)

Concentration (ppm)
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I

O

UN

I

O

UN

Figure 11. Available soil nutrients and metals. I indicates inside of the patch samples, O outside of the patch
samples, and UN uninvaded. (a) and (c) are mean concentrations (mg element/ kg soil) and (b) and (d) are the mean
concentrations of the same elements once normalized for OM (mg element/ kg OM). (a) and (b) are abundant
elements, while (c) and (d) are less abundant elements. +/- 1 SE. Site LS5 is excluded from the data given its high
concentrations for various elements. The elemental values (mg element/ kg soil) for LS5 were: P= 18.8, K= 543,
Mg= 195.5, Ca= 12514.5, Al= 27, B= 1.0, Cu= 0.58, Fe= 23.6, Mn= 11.4, Na= 293, S= 88, and Zn= 3.9.
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5. Discussion
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5.1 Site Description Characteristics
The dominant site vegetation characteristics at invaded sites are deciduous trees
(deciduous or mixed deciduous-coniferous forests) or having no canopy showing that Japanese
knotweed may have greater success at invading these different kinds of locations (Figure 4).
Japanese knotweed may successfully invade places with deciduous canopies because of
additional leaf litter provided. Once decomposed, this leaf litter contains nutrients for growth.
Additionally, a lack of shade during the onset of the growing season allows for a jumpstart on
growth. No canopy sites may be advantageous for invasion due to the all-day sunlight exposure
and no vegetative competition. With regards to slope and aspect, invasion is likely more
successful in the northerly and easterly aspects with shallower slopes (-5-10%) due to the
presence of more sunlight, since these aspects already limit sunlight (Figure 5). Likewise,
westerly and southerly aspects may be invaded at steeper slopes (10-20%) because sunlight
exposure is greater throughout the day (Figure 5). Signs of beavers, such as cuttings, were
evident at nine of sixteen invaded sites, and beavers therefore could be major biological
facilitators of riparian Japanese knotweed invasion, especially given observations of beaver cuts
on the knotweed. A 2004 study found that beavers increased invasive Russian olive (Elaeagnus
angustifolia) and tamarisk (Tamarix spp.) growth and spread by cutting down the overstory site
canopy of cottonwood (Populus spp.), allowing for great sunlight at sites (Lesica and Miles,
2004). Another study discovered that beavers may co-occur with tamarisk, prefer high tamarisk
cover habitats, or selectively cut and use tamarisk, causing tamarisk’s spread (Mortenson et al.,
2008). Future work should be done on discovering how beavers affect Japanese knotweed
invasion, growth and its transportation along river systems.
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5.2 Texture and Significance for Invasion along a River System
Sites being a mixture of different percentages of sand, gravel, and mud shows Japanese
knotweed can become established in a variety of soil textures (Figure 6). The presence of high
percentages of sand at both invaded and uninvaded sites makes sense given high sediment
transport down river systems (Figure 6 and 7). Many of the sites had coarser sands as their
primary and secondary sand grain size, suggesting knotweed can effectively establish in sanddominated substrates (Figure 7). Sand could benefit invasion, as rhizomes or stem fragments
could be buried downstream by sediment throughout the growing season. Coarser sands may
allow for easier integration of rhizomes into the soil. Establishment via sand burial is common in
sand dune grasses, such as Ammophilia arenaria, which disperses via wind and waves and then
can be buried by sand (van der Putten, 1990). The invasive Iris pseudacorus is able to grow in
very sandy soils and even gravel beds on beaches where the rhizomes can grow on top of the
substrate (United States Department of Agriculture, 2010). This same method except burial
induced by downstream sediment movement could be true for knotweed. In sandy soils,
knotweed is able to create stability, especially in dune systems, further supporting that Japanese
knotweed can grow effectively in sand-dominated environments (The Ohio State University,
2018). Japanese knotweed rhizomes growing on top of substrate send fine roots into the soil to
stabilize the plant, creating stabilization horizontally and vertically for the knotweed, even on
unstable substrate (Chiba and Hirose, 1993). Colleran and Goodall (2014) found that a majority
(86%) of new Japanese knotweed rhizomes were growing underneath 10 cm or less of sediment
in riparian habitats, indicating that knotweed can become successfully established and grow in
sandy substrates (Figure 6 and 7).
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5.3 C/N Amounts in Soil and Leaf Litter
Low soil N percentages and higher soil C percentages are evident throughout the soil
samples, regardless of site type (Figure 9). Other studies have discovered that soil percent N in
alluvial soils are within the range found here (Gillham, 1989; Holmes and Hearn, 1942). In the
Gillham (1989) study, soil percent C was also discovered to be similar to those values found
here. These findings could indicate that soil percent N and C are typically low in riparian soils.
Japanese knotweed is not a known nitrogen-fixer, so it doesn’t derive nitrogen on its own
(Adachi et al., 1995). Carbon usually comes from leaf litter and OM decomposition. Unlike Liao
et al.’s (2007) synthesis of numerous global plant invasions, this study found that among
comparable sites, there was no difference between the extractable C or N inside or outside of the
patch (Figure 9). Leaf litter % N is only slightly higher than the soil % N, whereas more should
be expected in the leaf litter since leaf litter is OM, it decomposes, and releases N into the soil
(Figure 15 in Appendix B). In a synthesis of invasive plants, many invasive plants were found to
have greater C concentrations in aboveground biomass than root systems (Ehrenfeld, 2003),
showing that the leaf litter samples here could have had soil on them when analyzed. Mineral C
could distort the OM C concentrations and the amount of overall material being analyzed. Low
soil C and N values may indicate knotweed is capable of growing in N-deprived soils, as Chiba
and Hirose (1993) realized in its native range in Japan, though it may be a trend for knotweed. N
could also be the limiting nutrient here, but future studies would need to be done to test this.
The 𝛿13C values of soil and leaf litter indicate that the origin of the leaf litter and organic
matter is from C3 plants, as the range of 𝛿13C values for C3 plants is -32 to -20‰ (Boutton et al.,
1993) (Figure 9). A linear relationship should appear between the 𝛿13C of the litter to the soil and
soil OM 𝛿13C (Ehleringer et al., 2000), but this is not evident from the data (Figure 10). The leaf
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litter C and N values could be these ranges for a variety of reasons The OM in the soil might
have developed under earlier vegetation and so is not reflective of knotweed, if it were recently
invaded. Given the unknown ages of patches, this hypothesis cannot be proven here. These soil
𝛿13C values could be indicative of SOM turnover. While 13C in plants, and thus their leaf litter, is
determined by their photosynthetic C fixation methods, soil decomposition processes determine
soil 𝛿13C (Ehleringer et al., 2000). Furthermore, 𝛿13C values can be related to the amount of
microbial versus plant OM in the soil because changes in 𝛿13C occur during decomposition due
to the fact that fungi and microbes have heavier 𝛿13C values (Ehleringer et al., 2000). So,
decomposition processes could be vital in determining soil C and N values.
Ehleringer et al. (2000) also presents four hypotheses, one of which is that microbes
preferentially decompose litter and SOM. Ehleringer et al.’s (2000) hypothesis of preferential
microbial decomposition SOM may be supported by the data presented. Additionally in their
2013 study, Parepa et al. (2013) discovered that knotweed benefitted and was very successful
due to the presence of soil biota who promoted knotweed growth, facilitated its invasion, and
swung establishment odds in its favor. Kourtev et al. (2002) also found that soil microbes were
different in their function and structure upon Japanese barberry (Berberis thunbergii) and
Japanese stilt grass (Microstegium vimineum) invasion.
Low soil percent N and higher soil percent C are likely not explained by leaching of C
and N down the soil profile because these forms of extracted C and N are not very mobile
(Coȗteaux et al., 1995). How Japanese knotweed captures C, even though it was discovered that
no difference between how some invasives and natives uptake C existed (Leishman et al, 2010)
could play a role because plant’s atmospheric acquisition of nutrients can vary. Aguilera et al.
(2010) suggests that low N values in the soil could be due to the fact that rhizome’s structure
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may store N for spring regeneration. This study could possibly lend credibility towards that
presumptive hypothesis because soil percent N is low and rhizomes are extremely important for
Japanese knotweed growth and structure. As stated earlier, these low N values are also common
in riparian habitat. So while Japanese knotweed rhizomes may retain N, this would need further
investigation to find if it was true. Japanese knotweed could possibly store N in its leaves (Chiba
and Hirose, 1993; Adachi et al, 1996), which this study is unable to show.

5.4 Extractable Soil Nutrients and Metals and Their Potential Role in Japanese Knotweed
Growth
Extractable K, Mg, Ca, Mn, and Zn were in greater concentrations inside of the patch
than outside of the patch (Figure 11(a) and (c)). Other studies have found changes in soil K, Mn,
Cu, Mg, P, and Zn after plant invasion (Vanderhoeven et al., 2005; Dassonville et al., 2007;
Dassonville et al., 2008). One possibility for why nutrient values are higher inside of the patch is
higher OM inside the patch (Figure 8). Annual autumn leaf fall, the wind-blown collection and
river derived OM in the stems of Japanese knotweed add OM to the soil. Ehrenfeld (2003)
suggests that many invasive plants will produce increased biomass and litter with higher
decomposition rates than their native competitors. Knotweed litter could have these components
allowing more rapid release of nutrients into the soil than native litter. Water-derived OM can
settle on the substrate following flooding.
Knotweed could also be altering these nutrient concentrations. K was found to be 34%
higher on average under the presence of all invasives studied in Belgium and specifically was
57.2 ppm higher under Japanese knotweed (Vanderhoeven et al., 2005). Dassonville et al. (2007)
also found a 34% increase in K under knotweed in a study in Belgium. K is important in closing
plant’s stomata for water intake (Tripathi et al., 2014). Given that these are riparian knotweed
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patches, control of how much water knotweed uptakes is a critical survival technique, especially
given that flooding event occur throughout the growing season that could drown or kill the plant.
Magnesium was found to increase by over 30% inside of invasions (Vanderhoeven et al.,
2005). In particular, under Japanese knotweed’s presence, Vanderhoeven et al. (2005) found an
average Mg concentration increase of 60.8 ppm compared to the uninvaded area. Similarly in
another study, significantly more exchangeable Mg was available (Dassonville et al., 2007).
Magnesium is known to alleviate stress and help plants be disease resistant (Tripathi et al.,
2014). Alleviating stress and preventing disease because of being introduced into a new
environment would help Japanese knotweed to become more successfully established.
In plants, increased Ca can reduce fungal pathogenic infection and increase cell wall
strength (Easterwood, 2002). Ca also can protect plants from Al toxicity (Tripathi et al., 2014;
Delhaize and Ryan, 1995). Since the Al levels inside of the patch are relatively elevated
compared to outside of the patch (even though outside of the patch, Al levels are still high)
(Figure 11(a)), Japanese knotweed must protect itself from Al toxicity. Al levels are most likely
high because Al becomes soluble in acidic pHs (Mossor-Pietraszewska, 2001), which the sites
were (Figure 9). Elevated Ca concentrations inside of the patch may help knotweed avoid Al
toxicity.
In Vanderhoeven et al.’s (2005) Belgian study, for Fallopia japonica, soil Mn was also
discovered to be greater inside of the invasion (Vanderhoeven et al., 2005). Manganese is
necessary for photosynthetic proteins and enzymes (Millaleo et al., 2010). Manganese though is
toxic at high levels. Like Al, Mn’s soil concentrations are higher in acidic pHs, which are present
in this study (Figure 9), and can occur in plants with low soil Ca, Fe, Mg, or P (El-Jaoual and
Cox, 1998; Millaleo et al, 2010).
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Japanese knotweed presence can increase soil Zn (Dassonville et al., 2007). Like K, Zn
can control plant’s water capacity; it can help ease water uptake during drought situations as Zn
is used to transport water in plants (Hafeez et al., 2013). Very sandy and quartz-rich sites, like
the ones in this study (Figures 6 and 7), typically reduce Zn concentrations (Hafeez et al., 2013).
High OM though can help to retain Zn through chelation (University of Maine, 2018), even
though Ca can inhibit Zn’s binding capacity (Hafeez et al., 2013).
Overall, increased K, Mg, Ca, Mn, and Zn values inside of Japanese knotweed patches
compared to the outside of the patches possibly reveal that:
1. Greater K and Zn inside the patch could allow for greater control of water uptake in
Japanese knotweed (Figure 12).
2. Greater Ca and Mn inside the patch could help with critical protein and enzyme function
in Japanese knotweed (Figure 12).
3. Greater Ca and Mg inside of the invasion could reduce invasion-associated stress and the
probability of disease or toxicity from particular metals (Figure 12).
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Figure 11. Japanese knotweed OM’s role in increased soil nutrients inside of the invasion and their importance
towards growth of knotweed. Different color and type arrows are indicated in the legend of the figure.

When the growing season begins, some Japanese knotweed patches may be submerged
by water from annual snow melt associated flooding. Occasional submergence can continue
throughout the summer months. To control water uptake, Japanese knotweed may use increased
K and Zn concentrations inside of the patch (Figure 12). Sandy soils assist with drainage and
keeping Japanese knotweed from drowning. Calcium and Mn can help build proteins that
strengthen the cell wall and the plant as well (Figure 12). Increased Ca and Mn inside of the
patch may aid Japanese knotweed growth by building cell walls (Figure 12).
More Ca and Mg inside of the patch could help Japanese knotweed resist disease (Figure
12). Furthermore, given the acidic pHs of the sites, Al and Mn become more evident and
possibly toxic (Figure 11(a) and (c)). Japanese knotweed may use elevated Ca and Mn inside of
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the patch to suppress high Al concentrations that could cause toxicity (Figure 12). Additionally
to reduce the stress associated with invasion and establishment, Japanese knotweed may use
increased Mg inside of the patch (Figure 12). These both aid in the plant’s establishment and
growth.

5.5 pH, Its Relation to Different Soil Characteristics, and Its Significance for Invasion
While pHs were acidic (4-6) throughout a majority of the sites (Figure 9), pH was
strongly correlated to the percent soil C, percent soil N, soil 𝛿13C, the mean LOI, and CEC inside
of the patch (Table 1 and Figure 9). Japanese knotweed can live in pHs from 4.5 to a little higher
than 7, like the range in this study (Vanderhoeven et al., 2005) (Figure 9). Acidic pHs are likely
to suppress decomposition of OM. Organic matter decomposition leads to nutrient release.
Organic matter also is a buffer for pH because it has many negatively charged sites to bind H+ to,
making the pH more neutral (McCauley and Olson-Rutz, 2017). Increased OM with decreasing
pH may indicate that OM is higher either by chance at more acidic sites, that Japanese knotweed
just lives in these conditions, or the addition of the OM by Japanese knotweed, the assumed
hypothesis here (Figures 8 and 9). This relationship could be caused by soil pH being greater
than SOM pH or low plant residue base-forming cation content (McCauley and Olson-Rutz,
2017). Cation exchange capacity is highly dependent on soil pH (Cornell University Cooperative
Extension, 2007). Unlike the relationship found here though, CEC should increase with
increasing pH (Cornell University, 2007), but the opposite pattern could result here because the
amount of OM is greater at lower pH, increasing sites for cations to bind to (Figure 9). Further
studies need to be done on Japanese knotweed OM to investigate these trends.
Organic matter typically has high C values due to its plant origins. Nitrogen is correlated
with OM too, as it is contained in plant matter. In one study, N was found to decrease with pH in
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forest top soils (Marty et al., 2017). This could explain the relationship between pH and soil % N
(Figure 9). The invasion history, the season which the soil samples were taken (summer), and the
precipitation and thus soil moisture could also explain soil C and N (Liao et al., 2007). The
relationship between soil pH and 𝛿13C of Japanese knotweed invasions needs further
consideration, as limited research exists on this. Once again, this suggests that the OM of
Japanese knotweed should be investigated further by collecting live and dead samples of it.

5.6 The Role of Organic Matter
After normalizing nutrients that were significantly different between the inside and
outside of the invasion (K, Mg, Ca, Mn, and Zn) by the site OM (Figure 11(b) and (d)), it was
found that there was no significant difference between these nutrients, suggesting that OM inside
of the invasion is an important factor. Since there still is a significant difference between the
mean Ca, Mg, K, Zn, and Mn inside compared to outside of the invasion, this finding suggests
that the addition of OM may create these nutrient additions (Figure 13). Soil C and N values are
typically associated with soil OM and their values could be related to increased OM (Figure 13).
Currently, little is known about how Japanese knotweed acquires various nutrients from the soil.
The author would suggest a future study to understand the nutrient acquisition processes of
Japanese knotweed from the rhizosphere and from the atmosphere.
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Figure 13. The importance of Japanese knotweed OM towards its establishment and growth. Thicker arrows indicate
more important processes.

Since these nutrients somehow become prevalent in Japanese knotweed OM, once
released, these nutrients may play a continued role in furthering decomposition (Figure 13). Berg
(1999) found that in northern forest soils, high Mn and Ca concentrations promoted
decomposition and at higher rates. This could be true of Japanese knotweed OM in that it
releases Mn and Ca, which decompose knotweed’s leaf litter and other plant’s leaf litter at faster
rates. Increasing pools of nutrients could create a positive feedback towards quicker
decomposition (Figure 12). Positive invasion-decomposition feedbacks from new additions of
invasive OM can increase nutrient cycling (Rodgers et al., 2008; Allison and Vitousek, 2004;
Perkins et al., 2011; Ehrenfeld, 2003). Furthermore, low N concentrations, and a lack of P, can
aid in accelerating decomposition (Berg, 1999; Coȗtaux et a., 1995). Other leaf litters and their
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nutrients have been found to help expedite the decomposition process (Gartner and Cardon,
2004). This could mean that other leaf litters near Japanese knotweed invasions could contribute
in speeding up the process of decomposition. All of these changes could be from the addition of
OM due to invasion (Figure 13).

5.7 Other Influences on Invasion and Invasion’s Influence on Other Soil Characteristics
Rhizomes may be the most concerning invasion mechanism along a river system because
they are a form of clonal growth, which is the preferred mechanism for knotweed invasion
(Grimsby et al., 2007; Hollingsworth and Bailey, 2000; Gowton et al., 2016) (Figure 14).
Rhizomes are highly viable and ready to start new invasions. Rhizomes also make successful
invasion more likely because they contain successful plant genetics and can survive for more
than a decade (Adachi et al., 1995). Stem fragments are another formidable clonal form of
Japanese knotweed invasion (Figure 14). Gowton et al. (2016) found that stem fragment
invasions were as numerous in riparian systems as rhizomes (Figure 12). Like rhizomes, stems
contain successful plant genetics that lead to greater likelihood of successful establishment.
Seeds have been found not to be as viable and successful at creating invasions at sites in
Massachusetts, United States of America (Forman and Kesseli, 2003; Grimsby et al., 2007) and
Quebec, Canada (Groeneveld et al., 2014). However, the knotweed populations in the United
States are more genetically diverse and are not just clonal, like Great Britain, meaning invasion
via seeds is becoming a more realistic threat (Grimsby et al., 2007; Hollingsworth and Bailey,
2000). United States’ knotweed patches could be more genetically diverse because they were
established from a wide variety of initial plants. They could also have greater diversity because
they engage in sexual reproduction. With a warming climate, seeds are becoming more viable,
especially within Quebec (Groeneveld et al., 2014) and the northeastern United States (Forman
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and Kesseli, 2003). Along a river, seeds can spread via water, wind dispersal, or organismal
transport (Figure 14).

Figure 14. Ways Japanese knotweed can invade along a river system. Thicker, larger arrows indicate more important
processes.

Lastly, microbes and soil fungi could have an effect on Japanese knotweed invasion.
While it was not studied here, soil biota helped to facilitate the invasion of Japanese knotweed’s
hybrid Bohemian knotweed (Fallopia x bohemica) and this could possibly be true for Japanese
knotweed (Parepa et al., 2013). Other studies have discovered drastic shifts in soil biota richness
or processes due to plant invasions, some of which were herbaceous like knotweed (Ehrenfeld,
2003; Xiao et al., 2014; Pyšek et al., 2012). Microbes also have the possibility of boosting
decomposition rates (Rout and Callaway, 2009; Pyšek et al., 2012). For invasives, microbes may
increase decomposition rates because the microbes and invasives originate from different
evolutionary tracts and thus would interact differently than the two would with their native
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counterparts (Rout and Callaway, 2009). The potential importance of soil biota in the
decomposition of knotweed is unknown, but further studies should be conducted on their
relationship with Japanese knotweed.

5.8 Suggested Control and Mitigation Methods along a River System or Water-Sources
The most effective control method for Japanese knotweed is herbicides, according to
what I have observed. Glyphosate (C H NO P) (known as Round-up) or triclopyr (C H Cl NO )
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solution are used in the foliar method or stem injection (Maine Natural Areas Program, 2013).
While being the most effective method, herbicidal control can easily run off into a river. The
Saco River is the drinking water source for the Saco-Biddeford area. Glyphosate is stable in
water and not susceptible to being broken down allowing it to travel downstream or bind to soils
(World Health Organization, 2005). If chemicals were to be applied upstream, they are mobile
and could be detrimental to the whole stream ecosystem.
The next best control method is direct removal of the plant and its rhizomes. This is a
very time consuming method. After excavation, all plant material (rhizomes, leaves, stems) must
be burned to prevent further invasion. This strategy also risks contaminating nearby soils with
rhizomes fragments which a new invasion can start. One other method is to cut the knotweed
stems, reducing their ability to photosynthesize. Cutting must be done continuously throughout
the growing season (Maine Natural Areas Program, 2013). The biggest problem with this method
is time, as it takes several years, when done effectively, to kill the knotweed patch. Stems must
also be burned after being cut to prevent further invasion.
Another possibility that hasn’t been tested in the United States is biological control.
Currently, a few experimental biological controls have been tested on Japanese knotweed and its
other knotweed relatives (Fallopia sachalinensis and Fallopia x bohemica). Wang et al.
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(2008) used the beetle Gallerucida bifasciata both in open field and closed greenhouse
experiments, revealing that it was effective at developing on, consuming and killing Japanese
knotweed. Likewise, it was discovered that two species of Aphalara itadori, in a greenhouse
experiment, were effective at significantly decreasing and even killing various knotweed species
(Grevstad et al., 2013). Biological control could be the best control method, especially in riparian
habitat, where many areas are inaccessible. Both studies revealed that when given the choice of
numerous natives to lay eggs on or eat from, these pests choose few to none of them (Wang et
al., 2008; Grevstad et al, 2013). These findings suggest these two insect species may effectively
control Japanese knotweed invasion, but their effect on the ecosystem won’t be known until they
are introduced.
From this study’s findings, I recommend several steps in controlling invasion along a
riparian system, specifically the Saco River:
1. Manual removal of knotweed patches should be avoided, except in the case of small,
yearling patches. This method is time consuming and risks rhizome and stem fragment
spread downriver to start new invasions.
2. Chemical control SHOULD be avoided, but may need to be considered for extremely
large patches.
3. While just cutting the knotweed’s stems is rather tedious over the course of several years,
it has been proven effective and useful and is not environmental degrading. Making sure
to burn stems to prevent other invasions must be done.
4. Biological controls are risky and shouldn’t be implemented until further investigation has
been done.

Griffin 47
Overall, larger patches may need to be controlled with herbicides. New patches have the
possibility of being removed by hand cultivation, but other small and medium patches should be
the target of control and destruction. Reducing the number of smaller patches will decrease the
likelihood that invasion will spread and persist throughout the river. Given the nature of the
sandy substrate, chemical treatment may easily leach out of the soil because of less binding
surface area. Another thought could be to remove leaf litter inside of the patch since OM
additions could be leading to increased nutrient concentrations inside of the patch.

5.9 What Does It All Mean?
Japanese knotweed is successful in establishing itself in a variety of substrate settings.
Deciduous-type forests and no-canopy cover sites may be beneficial towards the growth of
knotweed due to extra available sunlight and creation of nutrients. While soil textures were
variable, showing knotweed can successfully grow in a variety of substrates, sandy sites were
prevalent throughout the study, which show sediment transport downriver. These sandy soils
could be beneficial for drainage of water during floods and burial of rhizomes and stems to
create new invasions. Slopes and aspects in certain percentages and direction, respectively, could
be indicative of preferred invasion due to the presence of more sunlight. Nutrients and metals
were found in general to be in greater concentrations inside of the patch compared to outside of
the patch, but once normalized by OM, no differences existed. This could indicate that OM
additions are important toward the addition of these nutrients. Additional OM may aid in the
establishment of knotweed by increasing decomposition rates which release nutrients that could
be beneficial for the growth and function of knotweed. While soil C and N values are rather
complex and confusing with their relation to pH, they are important nonetheless and deserve
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further investigation. Overall, further investigation of Japanese knotweed OM should be done to
explore how OM contributes to these trends and values.
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A. Methods Protocol
Materials:
Field Equipment
1 Shovel
1 bulb corer
Gallon plastic resealable bags
Flagging tape and ground flags
Meter stick,
Plastic bucket with twine attached to handle
Munsell color chart
State of Maine tree identification book
Geographical positioning system (GPS)
Compass
Clinometer
Permanent markers
Plastic tarp
Backpack
Trowel
50 m measuring tape
Lab Equipment
Fisher Scientific Isotemp oven
Costech Model 4010 elemental analyzer (EA) coupled with Thermostat Delta V Advantage
isotope ratio mass spectrometer (IRMS)
Lindbergh/Blue Model 51842-BC (1200 degrees C maximum) furnace
SPEX 8510 Shatterbox
Precision Water Bath Model 183
pH probe
250 mL glass beakers
4 L bottle Fischer H325-4 30% hydrogen peroxide (H O )
100 mL plastic graduated cylinder
400 mL glass beaker
600 mL glass beakers
Tweezer
Metal tray
Rubber policeman
Rubber gloves
Crucibles and metal rack tray
Quart-sized plastic bags
Small plastic bags
Mass balance
Micro mass balance
Squirt bottles
Deionized water
Dispersant
2 large funnels
2 metal rings and stands
2

2
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sieves in the following phi sizes: -1.0, -0.5, 0, +0.5, +1.0, +1.5, +2.0, +2.5, +3.0, +3.5, +4.0 and
the pan (>4)
Sieve shaker
Weighing tins
Plastic weigh boats
Tin capsules for C/N analysis
Acetanilide for standard for C/N analysis
Caffeine for standard for C/N analysis
Cod standard for C/N analysis
Field Methods
1. Stratified sites based on surficial geology, whether it was invaded or not, and FEMA 100 year
floodplain maps and accessibility and physical nature of sites.
2. Take the circumference, long-axis and short-axis of each patch along the base of the patch
using measuring tape.
3. Extrapolate axes from their furthest endpoint to measure them with furthest point being the
furthest knotweed.
4. If measuring where multiple patches are considered one, measure the distance between the two
patches.
5. Consider patches to be distinct from one another if they are two meters of more away from
each other and these distances don’t overlap.
6. Walk four meters away from the Japanese knotweed patch base on level ground.
7. Use a clinometer to determine the angle formed between the ground and the tallest knotweed
stalk.
8. Record the bank’s vertical height if it is on a bank.
9. Use a bulb corer to collect four soil samples to the top of the bulb corer.
10. Take two samples two meters away from both endpoints of the long axis (Refer to Figure 3).
11. Extrapolate the long axis plus two meters from either endpoint (a total of 4) two meters away
from the furthest inland Japanese knotweed stem (Figure 3).
12. Divide this distance by three and collect two more soil samples at the endpoints of the middle
third segment (Figure 3).
13. Put soil samples in plastic baggie, homogenize and label with site ID and “O” at the end,
representing outside of patch sample.
14. If sample collection falls on cobble or stone, move soil sample directly to left of right of
cobble or stone.
15. Collect outside samples first to avoid contamination of outside with rhizome fragments.
16. Collect four soil samples half a meter inside of each endpoint of the long and short axes to
the top of the bulb corer.
17. If knotweed patch is too thick, take samples around patch edge right at the endpoints.
18. Repeat step 13., but label baggie with site ID and “I” at the end, representing inside of patch
sample.
19. Rinse bulb corer in bucket of water taken from river and empty water inside of the patch.
20. Put samples on ice until ready to air dry.
21. Dry samples at room temperature in a dark room on newspaper making sure to label with ID.
22. Move samples to baggies once completely dry and eliminate extra air.
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23. Dig a hole on the shoreline side of the knotweed (at least 2 meters away) until either
groundwater, bedrock, or a considerable depth was reached. First, remove a plug of the topsoil
where applicable.
24. Place soil on tarp.
25. Record depth of hole and whether bedrock or groundwater was reached.
26. Note each horizon’s depth, moist soil color using a Munsell color chart (including mottles),
and moist soil texture.
27. Rinse shovel with water and pour water into knotweed patch.
28. Tie a piece of flagging on even ground at eye level to a tree or knotweed stem at a site.
29. Walk down to the river and use a clinometer to measure the percent and angle. Record these.
30. Point a compass in the direction of the slope. Record the direction angle.
31. List site vegetation, primarily trees and overstory, but include understory.
32. Take GPS waypoint at each site. Take by knotweed patch at invaded sites.
33. Note where the site lies on the bend of the river, such as along a straight or the upstream part
of the bend.
34. Write down if the site is cobble or boulder beach.
35. Describe the shade characteristic of the site as either: none, limited, partial, significant, or all
day.
36. For uninvaded sites, start by creating a five by five meter plot for data collection.
37. Take soil samples at every corner of uninvaded plot and homogenize in bag.
38. Mark GPS waypoint in middle of uninvaded plot.
39. Clean bulb corer using leaves and water from river that was collected in a bucket like
invaded sites.
40. Dig hole for soil analysis at center of plot for uninvaded sites.
Laboratory Methods
Texture Analysis
1. Transfer soil samples from bag to container to be coned and quartered using a spatula.
2. Clean spatula and container with soapy warm water.
3. Choose random quarter, transfer to storage bag.
4. Weigh crucibles on balance and record weight. Add soil sample using scoopula.
5. Reweigh crucibles on balance with soil and record. Label with sheet accordingly.
6. Repeat steps 4-5 until the subsamples equal 100 g in total.
7. Clean scoopula with soapy warm water. Remove soil on balance with paint brush as
necessary.
8. Repeat steps 1-8 for all soil samples.
9. Put crucibles in Fisher Scientific Isotemp oven at 90 degrees C for 36-40 hours.
10. Remove from oven, let cool, put in desiccator, and transfer to baggies. Put back in desiccator
for storage.
11. Move samples into 600 mL glass beakers and label with sample ID on glassware.
12. Discard large pieces of OM with tweezers.
13. Add 20 mL aliquot of Fischer H325-4 30% hydrogen peroxide (H O ).
14. Allow to sit for 30-45 minutes.
15. Add 40 mL aliquot of Fischer H325-4 30% hydrogen peroxide (H O ).
16. Allow to sit for at least one hour. If sample heats up and starts steaming or bubbling, add
dispersant and deionized water to calm.
2

2

2
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17. Repeat steps 15-16.
18. Place samples in Precision Water Bath Model 183 in a hood at 50 degrees C, watching for at
least two hours and then letting sit overnight.
19. Add deionized water and dispersant as needed.
20. Turn bath off and remove samples once cooled.
21. Set a 2 mm sieve on top of a 63 micrometer sieve on top of a large plastic funnel. Place
funnel in ring stand. Pre-wet sieves before use.
22. Place 1000 mL plastic beaker below funnel opening.
23. Remove sample from beaker using deionized water and rubber policeman and place on top of
2 mm sieve.
24. Use rubber policeman and a squirt bottle with deionized water to wet sieve sample through
sieves.
25. Stop sieving with water once stream coming out of funnel turns clear.
26. Remove 2 mm sieve and place in another funnel on a ring stand with a 250 mL glass beaker
below the funnel opening. Label “>2 mm” with site ID
27. Backwash sieve into the beaker with the sample.
28. Decant off excess water from sample backwashing.
29. Repeat steps 26-28 for the 63 micrometer sieve, making sure to label “63 micrometers2mm” with site ID.
30. Dry all samples in Fisher Scientific Isotemp oven at 90 degrees C for at least 24 hours or
until all moisture is gone from sample.
31. Acquire tin trays, weigh out tray, record tray weight, add sample from beaker, and weigh the
mass of the tray and soil samples.
32. Put together sieves for dry sieving in the following order from top to bottom, according to
phi size: -0.5, 0 +0.5, +1.0, +1.5, +2.0, +2.5, +3.0, +3.5, +4.0, and the bottom pan (noted as
>4.0).
33. Add “63 micrometer- 2 mm” sample to sieves and put in shaker for 7 minutes.
34. Remove sieves. Weigh weigh-boats, record weight, add appropriate sieve to weigh boat and
weigh sample with weigh boat. Record weight. Repeat for each sieve.
35. Use the formula, m=t-g-(s +s2+... s10), to find weights of mud, gravel, and sand samples,
where t is the total mass, g is the >2 mm sample or gravel mass, s1 through s10 is the sieves from
-0.5 to +4.0 or the total sand mass, and m is the mud mass.
36. Toss samples in bin. Repeat all steps for every sample.
LOI
1. Weigh crucibles and record their mass.
2. Take 10-15 g of each sample and transfer to crucible with scoopula. Weigh and record mass of
crucible and sample.
3. For every fifth sample, take three 10-15 g subsamples for quality assurance.
4. Dry samples overnight at 90 degrees in Fisher Scientific Isotemp oven.
5. Weigh samples again and record their mass.
6. Burn samples in Lindbergh/Blue Model 51842-BC (1200 degrees C maximum) furnace for 2
hours at 550 degrees C. Let cool overnight in furnace.
7. Move samples from furnace to desiccator until ready to be weighed.
8. Find LOI from the difference in the wet sample mass (before burning) and dry sample mass
(after burning) and multiplying by 100.
pH
1
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1. Weigh 15 grams of soil into a 50 mL glass beaker.
2. Add 30 mL of deionized water and stir solution well.
3. Let sample sit for 30 minutes.
4. After sitting, stir sample again to allow it to equilibrate.
5. Calibrate pH probe using 4.01 and 7 unit solutions.
6. Stir sample gently with pH probe to obtain reading. Record reading.
7. Choose six samples at random to be replicated.
Soil C/N Analysis
1. Dry 3-7 g of soil overnight in crucibles at 90 degrees C in a Fisher Scientific Isotemp oven.
2. Remove samples and allow to cool and place in desiccator.
3. Grind samples for two minutes using SPEX 8510 Shatterbox and colter.
4. Transfer into small plastic baggies until ready.
5. Using a microbalance and tools, pack samples into tin capsules based on their LOI values.
Fold samples and place into auto sampler.
6. For standards, weigh out 0.4-0.6 g of acetanilide, 0.2-0.3 g of caffeine, and 0.6-0.8 g of cod
standard, running a bypass of 0.8-1.0 g acetanilide, a blank, a three samples at the beginning,
three standards in the middle, and three at the end.
Leaf Litter C/N Analysis
1. Pick out leaf litter from soil samples using tweezers.
2. Follow steps 2-6 from section 1.3.5.
Soil Nutrients and Metals Analysis
Soil nutrients were analyzed at the University of Maine at Orono and data was given back to the
author.
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B. Figures
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Figure 15. Soil and leaf litter percent nitrogen (N).
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